Introduction
Data processing and rupture parameterization details are provided in Text S1, with Figures S1 to S14 providing supporting information about the seismicity, back-projection imaging, and finite-fault modeling.
Text S1
We estimated GPS displacements in the ITRF2008 reference frame from two separate solutions. There were no significant differences for the two overlapping stations, AC60 and PETS, so solutions were selected from one or the other.
The Geophysical Survey of the Russian Academy of Sciences data center is used to process the data of the Kamchatka GPS Network including BRNG (Bering Island) and PETS (Petropavlovsk). We use the GAMIT/GLOBK software in three steps (Herring et al. 2010) : (1) 24-hour data spans of our stations are combined with 8 nearest sites of the International GNSS Service; (2) Regional daily solutions of step 1 are treated as quasi-observations and combined with global daily solutions available from Scripps Orbit and Permanent Array Center (SOPAC) or from MIT using a Kalman filter; (3) Combined daily solutions of step 2 are constrained with the reference frame ITRF2008 updated at MIT and transformed relative to the North American plate. This last transformation has little impact on the displacements because of the short time span considered (less than 3 weeks total). Static offsets are estimated from mean station positions for 9 days before and 9 days after the earthquake.
The University of Alaska Fairbanks processed the data from the remaining sites, all part of the Plate Boundary Observatory (PBO). We use the GIPSY software and the analysis procedures described in Fu & Freymueller (2012) . Each individual station was processed in Precise Point Positioning (PPP) mode (Zumberge et al., 1997) using the JPL final orbits and clock products. Positions from all stations for a single day from a large area encompassing all of Alaska and including PETS (but not BRNG) are combined into a single daily loosely-constrained solution, which is then transformed into the ITRF2008 reference frame. Static offsets are estimated from mean station positions for 4 days before and 4 days after the earthquake.
For the kinematic rupture model, we assume continuous rupture from the onset, parameterizing relatively long-duration subfault ruptures to allow the rupture to expand or not during the initial interval of weak radiation. For the unilateral rupture model we use 21 subfaults along strike with 12 km lengths and 8 subfaults along dip with 4 km widths. The hypocenter is 12.5 km below sea level at 54.443°N, 168.857°E. The rupture expansion velocity is 2.15 km/s. The subfault source durations are parameterized with 10 2-s rise- Figure S8 . Azimuthal distributions of (a) P wave observations (black curves) and synthetics (red curves) for the unilateral fault model in Figure S7 , and (b) SH wave observations (black curves) and synthetics (red curves). Figure S9 . (a) Far-field source spectrum for the unilateral model ( Figure S7 ) obtained by combining the spectrum of the moment rate function for frequencies less than 0.05 Hz with the logarithmic average of globally distributed P wave spectra for frequencies higher than 0.05 Hz. The dotted line is a reference ω-squared spectrum with corresponding seismic moment and a stress factor of 3 MPa. The broadband radiated seismic energy, Er, estimated from the teleseismic P wave observations using the method of Ye et al. (2016) , and the seismic moment-scaled value are shown. (b) Static shear stress for the unilateral slip model for the 17 July 2017 Komandorsky Islands earthquake with the magnitude and direction for each subfault being shown. The average static shear stress drop for the model is 6 MPa using a procedure that removes all subfaults with seismic moment less than 15% of the peak subfault seismic moment. The slipweighted average stress drop obtained using the method of Ye et al. (2016) gives a higher value of 18 MPa. . Azimuthal distributions of (a) P wave observations (black curves) and synthetics (red curves) for the preferred bilateral fault model (Figures 2, 4 , S12), and (b) SH wave observations (black curves) and synthetics (red curves). Figure S14 . (a) Far-field source spectrum for the preferred bilateral model (Figures 2, 4 , S12) obtained by combining the spectrum of the moment rate function for frequencies less than 0.05 Hz with the logarithmic average of globally distributed P wave spectra for frequencies higher than 0.05 Hz. The dotted line is a reference ω-squared spectrum with corresponding seismic moment and a stress factor of 3 MPa. The broadband radiated seismic energy, Er, estimated from the teleseismic P wave observations using the method of Ye et al. (2016) , and the seismic moment-scaled value are shown. (b) Static shear stress for the unilateral slip model for the 17 July 2017 Komandorsky Islands earthquake with the magnitude and direction for each subfault being shown. The average static shear stress drop for the model is 3.5 MPa using a procedure that removes all subfaults with seismic moment less than 15% of the peak subfault seismic moment. The slip-weighted average stress drop obtained using the method of Ye et al. (2016) gives a higher value of 13.4 MPa.
